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CONCORDE NOISE-INDUCED BUILDING VIBRATIONS
SULLY PLANTATION - REPORT NO. 2
CHANTILLY, VIRGINIA

By Staff-Langley Research Center*
SUMMARY

This is the second report on a series of planned studies to assess the
noise-induced building vibrations associated with Concorde operations. The
approach is to record the levels of induced vibrations and associated indoor/
outdoor noise levels in selected homes, historic and other buildings near Dulles
International Airport. Presented herein are representative data recorded at
Sully Plantation, Chantilly, Virginia during the periods of May 20 through
May 28, 1976, and June 14 through June 17, 1976. Recorded data provide relation-
ships between the vibration levels of windows, walls, floors, and the noise
associated with Concorde operations, other aircraft, and nonaircraft events. The
results presented in this report are drawn from the combined May-June data base
which is considerably larger than the May data base covered in the first report,
NASA TM X-73919. The levels of window, wall and floor vibratory response
resulting from Concorde operations are higher than the vibratory levels associated
with conventional aircraft. Furthermore, the vibratory responses of the windows
are considerably higher than those of the walls and floors. The window response
is higher for aircraft than reccrded nonaircraft events and exhibits a linear
response relationship with the overall sound pressure level. For a given sound
pressure level, the Concorde may cause more vibration than a conventional aircraft
due to spectral or other differences. However, the responses associated with
Concorde appear to be much more dependent upon sound pressure level than spectral

or other characteristics of the noise.

*Acoustics and Noise Reduction Divisien Instrument Research Division
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INTRODUCTION

The vibratory response of historic and other buildings resulting from
Concoirde operations and the associated effects in terms of structural damage
and human annoyance have been the subject of public concern (ref. 1). As a
result of this concern, measurements of Concorde noise-induced building
vibrations (v2f. 2) are being conducted as part of the total Concorde assess-
ment program. The first study in this phase of the assessment was carried out
at Sully Plantation during the time period of May 20 through May 8, 1976, and
reported in NASA TM X-73919 and (ref. 3). A second study was conducted at
Sully Plantation from June 14 to June 17, 1976, to expand the data base. The
results from the combined May-June data base are presented herein.

The approach to the assessment of Concorde noise-induced building
vibrations involves the following steps: (1) the measurement of the vibratory
response of windows, walls, and floors for selected historic (e.g., Sully
Plantation), and other buildings; (2) the development of functional relation-
ships ("signatures") between the vibration response of building elements and
the range of outdoor and/or indoor noise levels associated with events of
interest; (3) a comparison of the Concorde induced response with the response
associated with cther aircraft as well as common domestic events and/or criteria.
The development of vibration/noise relationships or signatures (step 2) allows
one to determine the response of the structure under study or a similar
structure to any (similar) noise level of interest. This procedure reduces the
reliance on maximum response levels and the associated statistical difficulty
resulting from small sample sizes. Also the precise location of the noise

source is not essential to this approach.



This report, which is the second in a series of reports, includes a brief
overview of the tests conducted at Sully Plantation including data acquisition
and reduction schemes, a log of the recorded events, and results. Results are
presented in terms of the levels of vibration and noise associated with
Concorde, other aircraft and nonaircraft events, the vibration-noise relation-
ships or signatures (for the window) associated with the aircraft, and
comparisons of Concorde induced response with other aircraft and nonaircraft

events.
TEST SITE DESCRIPTION

Location
Figure 1 shows the Tocation of Sully Plantation adjacent to Sully Road
(Virginia State Route 28) 1.2 kilometers north of U.S. Route 50 in Chantilly,
Virginia. The Plantation is 6.4 kilometers south of the Dulles Airport
access road and approximately 2.2 kilometers south-southeast from the end of

Dulles Airport Runway 19L.

Structural Details

Figure 2 is a photograph of the east elevation of Sully Plantation showing
an Air France Concorde departing from runway 19iL. As described in reference 4,
the building is a two and one-half story central section flanked by asymmetrical
one and one-half story gabled wings. Its foundaticn of red sandstone, averaging
almost 60 cm 1in thickness, support walls which are sheathed by clapboards that
cover a heavy mortise-and-tenon framing. The walls of the earliest portion of
the house are insulated by means of the common 18th century "nogging" (filled
with brick). Photographs showing structural details of the wall are presented

in reference 3. Random width pine flooring attached directly to floor joists
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is used throughout the house (no subfloor), Windows are generally the 12 over
12 sashing type with some being 9 over 9, 6 over 9, and 6 over 6. Of the 324
window panes at Sully, half are original and a typical pane measures 20.3 cm
by 25.4 cm and varies from 0.16 cm to 0.32 cm in thickness. A1l of the panes
nave been covered with transparent plastic Scotch-tint film to aid in
reflecting sunlight.

The first floor of Sully contains three major rooms in addition to the
main entrance hallway. The upstairs has two spacious bedrooms, a large chamber,
and a small lodging room.

Figure 3 shows a plan view of the first floor of Sully Plantation
including test instrumentation locations. In the May test, the instrumentation
systems were located in the parlor and south drawing room; in the June test
only the north parlor was instrumented. The instrument systems consisted of
three accelerometers and one microphone for each room. Installation of the
instruments is shown in figures 4 through 6. Microphones were located outside

of the building as shown in the figure.
DATA LOG

Data at the Sully Plantation test site were recorded during the period
May 20 through May 28, 1976, and June 14 through June 17, 1976. Table 1 is a
chronclogical Tisting of events during the May time period and Table II is a
listing for the June tests. A total of 169 events were measured which included
not only aircraft operations and room calibrations but typical hcuse ccourrences
such as visiting tour groups, a vacuum cleaner, chair falling, etc. A sumaary

of recorded events for both test periods is presented in Table III.



DATA ACQUISITION AND PROCEDURE

Instrumentation

The details of the instrumentation system deployed during the May tests
are described in reference 3. The second series of measurements at Sully
Plantation, June 1376, was conducted using a mobiie laboratory containing both
an analog acquisition system and an on-line digital processing system. Data
were obtained only from the parlor or north room during the June test and
consisted of acoustic measurements of interior and exterior sound pressure levels
as well as vibration levels of the floor, exterior wall, and window. Conven-
tional Bruel and Kjaer equipment was used for the sound measurements and
piezoelectric crystal accelerometers, employing in-house developed signal
conditioning, were used for the vibration measurements. A1l data were recorded
on analog FM tape for further analysis. On-line analog x-y plots of window
vibration response versus outside sound pressure level were obtained for many
of the events. The primary system used for cn-line acquisition cnnsisted of a
General Radio 1926 true rms log voltmeter which provided overall or magnitude
values each one-half second for the five information channels. A Hewlett-
Packard 27M20 digital computer was then used to assemble these data into
tabulations of the time history values for line printing and for "Calcomp"
plots of the acoustic time histories as well as plots of selected acceleration
levels as a function of outside sound pressure levels. Figure 7 15 a block

diagram of the instrument system used in this test.



Frequency Response and Calibration Procedures
In addition to extensive pretest documentation of frequency response,

deviation linearities, gain accuracies and dynamic range, daily calibrations
consisted of: tape recorder sensitivity (deviation) checks, pink noise
(voltage) insertion in the microphone channels, one-half volt sine wave
reference voltage insertion into accelerometer channels, and 250 Hz piston-
phone acoustic calibration of the microphone systems for pretest and posttest
as a minimum and more frequently, time permitting. Frequency response of the
acoustic channels is nominally + 1 dB over the range from approximately 5 Hz
to 10 kHz and *+ 1/2 dB over the range from approximately 3 Hz to in excess of

3 kHz for the accelerometer channels.

Test Procedures and Communications

Visual observation of airport activity via an cpening in the roof of the
house, monitoring tower communications with aircraft in the area, and/or
spotters located some distance from the plantation were used to identify
aircraft operations as well as to control and coordinate data acquisition.
Time code was recorded to provide a common time for use in later analysis.
Because the computer required 5 to 10 minutes to completely analyze each
flyover, those events which were not obtained in real time with the computer

were readily obtained from tape playback.



Reference Acoustic Source

To provide a controlled acoustic input into each of the rooms, an Altec
Model 9844A, playback/monitor speaker system having a frequency response
extending from approximately 50 Hz to 15 kHz was used as the transducer. The
speaker system cortains two 12 inch (30.48 cm) speakers and a high-frequency
horn. USASI shaped noise spectra at several acoustic levels {as monitored on
a hand-held sound level meter) were impressed on the wall from approximately
6 feet (1.83 meters) away and data recordings made. Some sine wave testing
was also performed. Figure 8 shows this system in the parlor (north room)

essentially as it was positioned for the calibration tests.
PRESENTATION OF RESULTS

The data obtained during the May test period indicated that the maximum
vibratory response resulting from aircraft operations occurred in the north room
(parlor) which faces the Dulles runways and was associated with aircraft takeoff
operations. Furthermore, the maximum aircraft-induced vibrations were associated
with Concorde operations, however, there were too few Concorde operations to
compare (with confidence) Concorde with other aircraft. Thus, a second series
of tests was conducted during June 1976 to extend the data base. Data were
recorded in the north room only during the June series and were limited to

takeoff operations.

Levels of Vibration
The maximum levels of vibration recorded on the windows, walls and floor

for the various events are shown in Tables IV and V and figures 9 through 11

along with tha associated overall sound pressure levels. In general, each bar



contains the maximum values recorded for several events. The Concorde induced
response is seen to exceed the response due to other aircraft and nonaircraft
events for the window. The wall and floor, however, exhibit comparable or
greater response for nonaircraft events. The responses of the floor and wall
are considerably lower than the window response which may be due to the

atypical construction such as "nogging" and large floor joists.

Signatures

In order to quantitatively assess the relationships between aircraft noise
levels and the corresponding levels of vibration induced in tne window, response
signatures (plots of window a.celeration versus sound pressure level) were made
for each flyover event. A Teast squares regression analysis was performed for
each signature to calculate the slope and ordinate intercept for the best
straight line fitting the response signature data. A correlation coefficient
was also calculated for each signature to determine how well the best straight
line fit the data. The correlation coefficient can range from zero (no
correlation) to one (perfect correlation). Response signatures for which the
correlation coefficient exceeded an arbitrarily selected threshold of 0.6 were
retained for further quantitative analysis. Data for several events were then
grouped by aircraft type and the composite response signatures displaved in
figures 12 through 16 were generated. Listed by aircraft type in Table VI
are the slopes, ordinate intercepts, and correlation coefficients for each of
the events used to compile the composite response signatures in figures 12
through 16. Also listed in Table VI are the straight line parameters for these
composite cignatures. A composite response signature based on all non-Concorde
flights was also generated (figure 17) for comparison with the Concorde

signature (figure 12).



Comparative Response

It has been suggested that, for a given sound pressure level, vibration
induced in structures by Concorde may be different than vibration levels (ref. 5)
wnduced by conventional jet transports. To investigate this question, curves
were generated in which, for a given sound pressure level, Concorde induced
vibration leveils were divided by the vibration levels caused by conventior 1
aircraft. (The vibration levels were determined from the regression curves in
figures 12 through 17.) These "response ratios" were then plotted (figure 18)
as a function of sound pressure level. In figure 18a, response ratios for a
number of individual aircraft are presented. Ficure 18b represents the
composite response ratio curve for all conventional aircraft compared to
Concorde, based on the regression curves of figures 12 and 17. These response
ratios suggest that for sound levels of about 90 to 100 dB and below (the range
of most conventional aircraft operations near Sully), the Concorde generally
induced lower vibration levels in the north parlor window than did conventional
jet transports. At higher sound levels, the Concorde is apparently more
efficient in exciting a window response; however, this last conclusion is
necessarily based on an extrapolation of conventional jet noise to higher levels
and must therefore be construed as tentative. The DC-8 represents one excep.tion
to the general trend; it consistently generated higher vibration levels in the
window than the Concorde for a given sound level. It should be noted that,
because of the higher socund levels associated with Concorde operations, maximum
absolute vibration levels induced in the window by Concorde are generally higher

than the peak vibration lavels induced by conventional aircraft.



CONCLUDING REMARKS

The “>1lowing conclusions are based on building vibratory respcnse measure-
ments at Sully Plantation for 128 aircraft flyovers (7 Concorde) and 21
household or other activities including door slams, radio. vacuum cleaner,
traffic noise, etc. Maximum response to aircraft was recorded in a north room
facing the runways and was associated with takeoff operations. The following
comments apply to the north room during the May-June 1976 test series:

1. The Concorde noise-induced vibration levels of the windows, walls and
floors are higher by a factor of 2 or more than the levels resulting from
conventional aircraft operations.

2. The window response levels associated with aircraft operations
(0.432 gy maximum) are higher by a factor of 2 or more than the wall and floor
response possibly due to the atypical heavy construction of the walls and floors
at Sully.

3. The window response is higher for aircraft than nonaircraft events,
the wall response to aircraft and nonaircraft are comparable, and the nonaircraft
events result in higher floor response.

4. At a given sound nressure level, the window generally responds
somewhat differently to different aircraft, however, these aircraft-to-aircraft
variations are small compared to the range of vibration levels encountered for
a given flyover. This result suagests that the absolute vibration levels
induced in the window during a flyover depend more on the overall sound pressure
level assocrated with that flyover than on any other characteristics of the source.

5. Av a given sound pressure level, the Concerde may cause slightly more

window vibration response than conventional aircraft when che noise levels are
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high and lower relative response when the noise levels are low. The response
ratio calculated from measured data (Concorde g/aircraft g) ranged from a
maximum of 2 at high noise levels to about 0.5 at Tow levels.,

6. The window response exhibits a linear relationship with overall
sound pressure level. The responses of the walls ar” floor are not of
sufficient range to develop a noise-vibration relalionship. This latter fact
suggests that more typical building structures be examined to determine such

relationships.
REFERENCES

1. Concorde Supersonic Transport Aircraft Final Ervironmental Impact
Statement, Volume 1. U.S. Department of Transportation, Federal
Aviation Administration, September 1975.

2. Structures Directorate-NASA Langley Rasearrn Center: The Assessment of
Concorde Noise-induced Building Vibrations - A Study Plan, Mar. 8, 1976.

3. Concorde Monituring Monthly Report, Zulles International Airport: U.S.
Department of Transportation. Federal Aviation Administration, May 1976.

4. Gamble, Robert S.: Sully - The 3iography of a House. Sully Foundation
Limited, Chantilly, Virginia, (973.

5. Department of i.ansportation, United States of America: The Secretary's
Decision on Concorde Supersonic Transport. Washington, DC, Feb. 4, 1976.

N



- - 8uypuei AaeN ¢-g 41 S2:01} 9L-22-S} 071
- - Surpueq 7 ¥l €201 | 9L-2z-s| 61T

3er
- - Sutpue *AYy U8 a1 - - 9.-72-S| 811
- - Sutpuet  6-0a a1 | £1:€ 9L-1z-¢| (1T
I.-- B - T 330938 6-0a 16T | 80:T 9L-1z-¢| ot1
I R R szosweyr | gal 161 | 90:21 9.-1z-¢| 11
B - - peayasag | 293dooTToH - 2¢:T1 | 9-1z-¢] o1t
o - - 3ooer | 800 | 16T | voi1t | 9e-Tz-g| ert
- - - 3300%ey o | 16T L€:TT ) 9L-T2-¢] 211
- - - 330938y Cw 161 9€:TT | 9¢-Tz—¢| TII
- - Supue et I I weitt| or-1z~¢[ o1t
- - - 8utpueT g-0a a1 V00:tT | 92-T1z-¢| 60T
[ ‘180 ustquy - - -7 0Z:0T | 92-12-5| 80T
as70N 15VSn ‘toep 08 | - - - 1 U ou:or]| ee-te-s| cot
asToN 1SVSN “1eD €P 06 - - = 0v36 | 94-12-5| 90T
‘185 3uetquy - - - 00:6 | 9¢-Tz-5| <ot
T seton 1svsn -85 4p 0L . R - i ccig | 9L~Te—g| .01
sTON ISVSN “185 4P 08 - |- o D T T 2
astoy 1svsn “180 4P 06 - - - cvig | 9¢-Tz-g| zoT
- - SutpueT §-0a ¥ | 6sty 9,-0z-5| TOT
e vy | wovagary | Avesny [—REL Y | givg | 08

9/61 AVW 907 SNOILV¥3d0 -"1 378Vl

BLANK NOT FILMbw

N
p)

: O EDING PAGT



- - Suppuet Lzt a1 os:01 | 9z-sz-c| ov1
_ _ )
pue yonoy Lot a1 8c:0T | 9~cz-¢| 6€T
- - JurpueT LeL AT 6T:0T | 9¢-Sz-6| 8€T
09
- - pue yonog oL ¥I o1:01 | 9¢-sz-s| €1
pue ysnog, LoL I 9L-62-S| 9€T
- = Suypueq Lzt a1 91:6 | 9s-sz-5| <eT
- - Surpuet L0L i1 v0:6 | 9L-Sz-¢| €T
. - - Buppue | 8pioduc) NI €S:TT | 9L-%z~¢| ¢€1
- - Sujpuey | apioouop I 0s:1T | 9t-vz-¢| ze1
- - 3urpue Lee y1 OTSTT | 9L-%2-S| T€1
- - Surpue L0L T 95:0T | 9L-%Z-S| O€T
- - Surpue LzL I 05:0T | 92-%2-5| 6¢C1
- - Suppueq Lot ¥1 6536 | 9t-vz-5| szI
- - 8utpueq L9L 4 626 9L-%T-G{ (TT
- - Surpueq L9L a1 2T:6 | 9L-%z-<| 9z1
- - SutpueT L2l a1 | ozret 9L-tz-¢| szt
- - Sutpue] 6-0a a1 | 0S:TT | 9L-2z-S| %t
- - Surpueq 8-0a a1 OT:TT | 9¢-z2-§| €2t
- - Sutpuet L2l a1 85:0T | 9¢-zz-s| zz1
- - ButpueT Y aT 0s:01 | 9z-zz-s| tz1
NOI1vdd0 AdAL T wal WV "oN
SHIVIY NOIIVE3d0 ONIQTiNd LIVNONIV | Lavaoury | AYMNOY TIL a1va | naaa

961 AVW 907 SNOILYMIdO -*(P,3u03) I 3178Vl




suels 1ooQ - - - -1 vt 9t~9z-s | o091
smeTg 00Q = = - - 1 ov:t 9.-9z-1 65T
SInEY wﬂwwmuwmw - - - | 2t 9L-9z-5| s8<T
satnpy ph A - - - | ezt o-92-s | 51
83TNPY atdoag 0g-0z
dno1y anog - - | sz:1 9.-92-¢ 951
- - 3309%8E] Lzl 161 TT:TT| 9£-92=S{ ST
6-0d
- - 33093l |10 TTT-~OVE 161 60: 11| 9r-9z-c| o1
- < 3309%e] 191 161 €1:01| 9/-9z-6| €¢T
- - 3309%e] Lzl 161 €0:0T| 92-92-C| zst
- - 3309%E] 124 161 8916 | 9,-9z-6| 1<t
- - = jgoeder |  ¢oL 161 0c:6 | 9t-9z-¢| oc1
- - 3309%eY 8-0a 161 €2:6 | 9L-92-S| 64T
- - 3309%e] LOL 161 €1:6 | 9L-92-S| 8v1
- p 3309381 2L 161 96:8 | 9/~97-S| «v1
T - - 3309%e] T11~0ve 16T | sS:¢ 9L-5z- | 9vT
- - jj099eL TT1-ove 16T | Svic 9L-6Z=6 | <uT
T - 330098 T11~0ve 16T | €€:€ 9L-62-S | w91
- - 3309%e] T 16T | 0T:¢ 90-S2- | €91
- -~ 3308%el | api0dUO) 46T | 65:2T 9L-5z-5 | 2T
J309M8L | epaoduoy 16T | so:et 9L-Sg-S | 1T

NOILVY3ado ONIQT1ind

LIvdO¥IV

LIVEOEIY

9/61 AYW 907 SNOILYY¥3IdO - (P,3u0d) I 379Y¥L




a1doag 9-% _
udIPTTIYD dnoxp anoj - - - SY:0T| 9L-L2-6] S¢T
- ardoag 0¢-02
uaapITYd dno1p anog - - - 2€:0T] 9L-~L2-¢] %L1
*1®d
aABM dUlS zZH 00Z-001 - - - - TZ:0T{ 9L-LZ-5) €LT
*1ed
aA®M aufg ZHY T1-001 - - - - ¢T:0T| 9L~L2-S| 2LT
*1ed
?ABM BUTS 24 001-0Z - - - - 1T:01| 9L~tZ-s| L1
asToN ISVSA | °T®D0 4P 001 - - - - 90:0T{ 9.-l2-S| OLT
@8TON 1ISVSA *18D 4P S6 - - - - LS:6 | 9¢=LtTz~5| 691
@8TON ISVSN *1ed 9P 06 - - - - L%%6 | 9L-LZ~S| 891
@sTON ISVSn *TBD 4P 2 - - - - 8€:6 | 9L-LT-S| (91
aauea1)d
unmnoep - - - - €Tt 9.=-97-6] 991
4]
Juatqumy *1e) U TqUEY - - - 81:2 9L-92~-6] 991
! 8utdeid
o1p®y - - - L0:2 9.-9Z-C| %91
- 8utdeq orpey - - - %0:2 9.-92-S] €91
= | BurTTRd 27EYD - - - €611 9L=92-5; 291

8uritead ayeyd

HOOY INIMVHEQ

NOILV¥adO ONIQTINgG

NOILVYado
LAVIOYIY

d4dAlL
LAVIOUIV

AVMNNY

JHIL

961 AVYW 907 SNOT1wy3d0 - (P,3u03) I 379Vl




- - Jyoanie] L0L 16T - 9L-8Z-S €61

- - J3oaNe] (A7) 161 - 9.-82-¢ 61

- - 3joaxey 0€T~-D 161 - 9.-82-S T61

- - j3yoaey], L0L 161 - 9/-82-¢% 061
8¢ 1§ uo

$MONAJTWIS OM], - - - - - €1y 9L~LT-C 681
8z 13 uo

qon1g Jueg - - - - - #s T1:Y 9L-LT-S 881
8¢ 19 uo

Jyonal 1aued - - - - - 80:% 9L-L2~§ L81
87 1y uo

jonay [aued - - - - - 90:% 9L-LT-S 9281
87 1y uoc

yonaj juswa) - - - - - S0:% T A KA S8t
8¢ 1y uo

Jyoniy Judwed) - - - - - 10:% 9L=L2-C %81

9ABM SUTS - ‘180 2HY 1-001 - - - €ee 9L-L2-S €87

aagM 3duxs - ‘18D 2H 001-02 - - - 0t ¢ H 9L-L2-S 281

9BTON ISVSQ - ‘18D 9P 00T - - - “l 82:¢ .« 94=-LC-¢ 181

a8TON ISsvsi - *TeD 4P S6 - - - 1 yzig 9L-L2-S 081

98TON ISVSN ‘1ed 9P 06 - - - AN 3 Gl-LT~S 641

@8TON ISVSN - *Ted d9P <8 - - - 114 9L~-/2-S 81

- - Sutpueq LY9L - §4 1€:T -L[7-C LLT

- - j3093el | epiodury 1 _ 9.-12-5 | 9L1

|
p——— 40T4Yd | WOOY DNINVEA | NOli.dad0 |  ddAL JR— Wd_| WV — “ON
NOILVYA40 ONIQTIad IAVI091V LAVIOYIV TNIL RAER Y|

961 AVW 907 SNOILYY3dO - (p3pniduo)) 1 378Vl



R DR R Lo | L2L 161 | Lvig oL-b1-9| z1z
o - - s300w8L | LzL 161 | viig os-p1-9| 112
- - 3300qey | epaosucy 161 | 10°1 9L-v1-9| 012
- - 3309%eL Lot 161 szizt| or-v1-9! 0z
- - | 3309mmL Lzt 161 st:zt| 9oz-v1-9| soz
- - 330081 8-0a 161 c1:z1| 9L-v1-9| Loz
e - - J3oael 0t1-2a 161 €S TT1{ 9L-p1-9 Q902
- - 3309%eL L2 161 9s: 11| 9z-v1-9| soz
- - 3309yE] L2t 161 sz:tt| oc-vi-o| wvoz
- - 33093EL LeL 161 80: 11| 9z-v1-9| <oz
‘ - - 3309%eL Lo0¢ 161 sc:ot| oz-vi-o| zoz
- - 3309yEL Loz 161 9z:01{ 9L-v1-9| T0Z
- - 3309%EL LvL 161 vz:0t| 9t-vt-9| ooe |
- - 3309%8] Lzt 18T p0:01| 9,-91-9] 66T |
- - 3300%eL Lzt 161 8v:6 | 9,-v1-9| 86T
- - 3309%eL LoL 161 62:6 | 9L-v1-9| L61
- - 3300%e] 8-2a 161 zz:6 | oL-v1-9| 961
- - 3300%8L LoL 161 z1:6 | 9L-v1-o| g6t
aroA ve6T
SV |_U0TNYd__| WOOW ONIMVIG | NOILw¥4d0 FdAL AVANOY | W'd. | WY ] alvd | ‘ON
F NOLLVY3d0 SNIQ1INg LAVHDNIY | LIVNDHIV TIL INGAT

9/61 3NNC 907 SNOILVY3IdO -"11 378VL



- - - 330038} 8-0a 161 81:9 9L-v1-9| 1527
R - ssooqeL | LSL 161 91:9 9L-v1-9 | o0z
—— e - | 3300%eL LOL 161 p1:9 or-v1-9 ! 62z
L - - 3300%EL 01-2a 161 erig | 9L-¥1-9 ' 822

b - 33ooye] LeL 161 01:9 9L-v1-9| 122
. - -] - f 3309%8] LOL 161 2039 9L-91-9| 92z

- - - | sz00mmL LoL 161 65:S 9,-91-9| szz

- - - 3300%eL 01-2a 161 25:s 9L-b1-9| b2z

- - - 33003 8-2a 161 s§:5 oL-v1-9| szz

- - - 33008 1101-1 161 82:S ) oL-v1-9| 22

- - . 3300%e] Lot 161 vzis 9-v1-9| 12z

- - - 3309%8] Lot 161 £z:§ 9L-pT-9| o2z

- - - 3309yeL L0L 161 $0:S oL-v1-9| 61z

- - T - 3300yeL 6-20 161 10:s oL-v1-9 | s1z |
..I, - ‘:.u.f'ss!?!..-Eri iTla.mwmv._ma Lzt 5§19 oL-¥1-9| L1z h

- - - 3300%EL L2L 161 ST:p 9L-y1-9| o1z |

- - - 3300%e] 6-0a 161 90:p 9L-¥1-9 | ST _

U o
- - - 3300%e] 8-00a 161 pO: ¥ 9L-v1-9| 1z m
- - - 3309yeL LvL 161 LS:€ 9or-v1-9| stz |
~ SNVNTY iwmoéé WOOY_ONIMVYd | NOILVY3dO 4dAL
NOTiVY3d0 ONIQ1ing LAVYOUIY LAVDUIV

9/61 INNC 907 SNOILYYIJO - (P,3u03) II 374Vl




- - - 33oaysy, L0L 161 20:9 L9-S1-9 152
e
- - - JFoavel 8-2d 161 LY:S 9L-S1-9 (1174
e e ——— T'u - P
: - - - J3oaeL 1101~1 161 LS:S 9/-S1-9 6vZ
— e e e e e —_
, - - - J3oaxel 6-2a 161 vz:s 9,-S1-9 8z
w - - - J3oayel 8-2d 161 SOt 9.-S1-9 L
_— 'llllll-..’L‘lnl.\l ——— —— o ——
- - - | J3oae] B Lye 161 15:¢ 9L-ST-9 9te
- - - 33oaxel 8-2d 161 £€:21 9.-S1-9 Sye
- - - J3oayel 01-2a 161 62:21 9/-S1-9 424
W - - - JF3oayel 6-2d 161 IYATA! 9L-S1-9 X724
”-IIS - -
_ - . - - J3o9ye] 8-2a 161 L0221 9/-S1-9 e
- M - - J3oae] LZL 161 7811 9.-ST-9 1§74
D et - et i . Xrﬁ e R S T —
! - i - ﬁ - 33ocyel Lyt 161 $1:01 9.-S1-9 ove
M - “ - : - Jjoayel LeL 161 v0:L 9.-%1-9 652
— -
- - - J3oaNel | LZL 161 r\ LA 9.-%1-9 85C
PUSUSY T, —— +
- h - - J3oael | L0L 161 85:9 9.-%1-9 LEZ
_ - ﬁ - - J3osyel LZL 161 8b:9 9L-$1~-9 9¢Z
- - - J3ooxel L0L 161 Sp:o 9L-$1-9 ¥4
E—— s i o s - xlunfxls B e IIE N EOSPE PR ——
4 - - - 33o9ye] LvL 161 l£:9 9L-¥1-9 A X4
T
w - - - J3oaye] 6-3d 161 8€:9 9L-¥1-9 ££e
. - - - J3oayzl L0L 161 %2:9 9.-v1-9 4 X4
SHUVIWTY 40TdVd WOOY ONIMWVY{U NOILVH3dO 3dAlL AVMNS, ‘W'd ‘WY iva *ON
‘ NOILV¥IdO ONIa1Ing LAVIOUIV , LAVEDHIV r INIL INIAT

9/61 3INNC D07 SNOILYYIJO - (P,3u0d) II 37avL




- - - Jyooyel ap1oduo0) 16T | 1081 9/-L1-9 992
- - - 33oael 6-2d 16T | 92:21 9L-L1-9 ' S92
:..Avl e —a —

- - - j3094eL 8-0a 161 | 11:21 9L-L1-9 92

- - - 1joaye] 01-2a 161 2S: 11 9L-L1-9 £92

- M - - 3joayel | LOL 161 P11 9.-L1-9 292
e . 4 [

- - - JJooyel LzL 161 AR | 9,-i1-9 | 192

- - - Jjoael Lz 161 €Z:11 9L~-L1-9 092
—_—— _ —

- { - - J3oaeL | LZL 161 SI:TI 9,-41-9 | 6SC
— 1 -

- - - 33o0o%eL | LyL 161 | 6£:9 9.-S1-9 |  8sZ
w - - - FELED LA LSL 161 62:9 9.,-ST-9 i S2
: s :

uoL3eLAy

- - - 33o09yel Lea3udy | 161 9z:9 oh-mﬁ-mt» 9sz
R b T — 4!‘3!- ——— .#-ni!ll - — 1 v

- - - 33o09yelL 8-2a 161 0Z:9 9.-S1-9 i SSZ

- - - J3oayel LOL 161 91:9 | 9L-S1-9: ¥SZ |

t +

- - - 3309yeL 01-2a 161 | p1:9 i 9L=ST-9 | €ST w
| - - - Jjoayel 01-2a 161 $0:9 9/-S1-9 2s2
_ SHUVWIY | HOTIVd WOOY SNIMVYQ NOI.LV¥3dO adAL AVMNMY ‘W d ‘W'Y * aLva ‘ON
: NOILVYAdO ONIATIf.J L4Vao¥IV LAVIDYIV INLL ! INTAT |

9/61 INAC 907 SNOILWY3IdO --(P,3u0)) II 374vVL



‘uosaad 4 081

10013
ojuo
IT8Yd
woxy
paddeas

8¢:1

9L-L1-9

0Lt

uosxad g 087

10013
ojuo
Itreyd

‘ woxy

paddoisg

Le 1

9L-L1-9

692

ysty
1993 ¢ wox4

0013
uo jooq
paddoxg

se- 1

9L-LT-9

89¢

ydty
31933 $ woxy

I001J
uo %00q
paddoag

SHYVINTY

JOTVd

NOLILVY3d0 ONIA1INg

NOILVY¥ddO ddAL

LIVIYIV LAVIDATY

INIAT

9/61 ANAC 907 SNOILYYIMO - (PSpniduol) I1 374vl




TABLE III.- SUMMARY OF RECORDED EVENTS

AIRCRAFT EVENTS

May 20-28, 1976 June 14-17, 1976
TAKEOFF LANDING TAKEOFF LANDING
707 5 6 17 0
727 7 9 18 0
737 0 0 2 0
747 2 4 6 0
DC-8 2 3 n 0
DC-9 2 2 6 0
DC-10 0 0 7 0
BAC-111 3 0 0 0
L-1011 0 0 2 0
Helicopter 1 0 0 0
General Aviation Jet 2 1 1 0
R-5 Navy Propeller 0 1 0 0
C-130 Propeller 1 0 0 0
Concorde 3 2 2 0
TOTALS 28 28 72 0
SPECIAL EVENTS
May 20-28, 1976 June 14-17, 1976
Tour Groups 5 0
Door Slams 0
Chair Step 0 2
Chair Drop 2 0
Book Drop 0 2
Radio Playing 2 0
Vacuum Cleaner On 1 0
Trucks Passing By 6 0
TOTALS 17 4

Calibrates - 20
Total Events - 169



TABLE Iv,- MAXIMUM VALUES OF AIRCRAFT TAKEOFF
VIBRATION RESPONSE MEASUREMENTS

Extericr OA Acceleration, gpyps
Aircraft Event Overall Window Wall Floor
SPL, dB*
Concorde 141 106.1 .432 .048 .024
142 81.1 .019 .010 .008
176 85.3 .039 .012 014
210 107.7 .335 .038 .166
266 106.6 .351 .047 077
DC-8 113 95.2 .090 013 017
207 92.6 .105 .020 .046
214 86.3 .055 .018 .021
223 95.1 .182 .020 .018
231 95.4 .209 .021 .025
242 99.5 .229 .023 .016
247 84.8 .052 .017 .016
250 98.1 .138 .018 .020
255 98.2 .155 .018 .018
264 93.5 .091 .025 .030
B-707 112 95.0 .044 .014 .021
149 100.2 .160 .n28 .021
195 88.0 .076 W15 .019
197 94.4 .106 .016 .031
201 91.5 .078 .015 .024
202 90.6 .082 .015 .027
209 94.0 .130 .020 .046
219 88.0 .045 .019 .018
220 86.7 .064 .018 .015
221 80.5 .032 .017 .018
225 86.7 .075 .022 .019
226 88.0 .079 .019 .09
229 88.5 .063 .018 .017
232 91.0 .052 .020 .017
235 92.2 .108 .020 .022
237 98.8 .145 .021 .024
251 90.9 .064 .016 .014
254 103.4 119 020 018
B-727 115 86.2 120 .025 .023
151 90.3 .078 .019 017
152 82.2 .041 .019 .018
198 88.0 .064 .015 .022

*SPL values correspond to max vibration level and ¢o not necessarily
represent max recorded SPL values.



TABLE 1V (Concluded) .- MAXIMUM VALUES OF AIRCRAFT TAKEOFF
VIBRATION RESPONSE MEASUREMENTS

Exterior OA Acceleration, gpps
Aircraft Event Overall Window Wall Floor
SPL, dB*

B-727 203 87.3 .068 .016 .028
(Cont'd) 205 83.3 .060 .016 .016
2n 86.4 .067 .019 .035

212 95.1 .092 .021 .026

216 88.0 .072 .022 .026

217 87.3 076 .018 .034

227 88.8 .093 .025 .019

236 89.0 .078 .019 .017

238 88.0 .058 .016 .C19

239 90.9 .073 .019 .016

241 94.8 .072 .018 .020

259 87.9 .038 .022 .026

260 90.1 .063 .023 .027

. 261 93.2 ,062 026 .030
L-1011 222 88.5 .064 .018 .016
249 87.6 .046 .018 .016

DC-9 116 86.1 .037 .013 .013
215 83.6 .046 017 .017

218 83.2 .035 .020 .018

233 82.9 .057 .020 .C17

243 82.3 .035 .018 .018

248 85.0 .036 .016 .015

265 84.4 .045 016 016

DC-10 206 83.4 .037 .016 .017
224 84.4 .046 .016 .016

228 85.1 .044 .023 .019

244 83.7 .034 .018 .018

252 86.5 .036 .04 .014

253 80.2 02" _.016 015

B-747 153 88.8 .051 .022 .020
192 92.0 .09 .013 .014

200 87.1 .052 .016 .017

213 85.7 .046 .019 .018

234 86.5 .054 .017 .017

240 92.6 .089 .020 .019

246 85.9 .054 .016 .016

258 83.8 .043 .013 .013

*SPL values correspond to max vibration level and do not necessarily
represent max recorded SPL values.



TABLE V.- MAXIMUM VALUES OF VIBRATION RESPONSE
DATA DUE TO SPECIAL EVENTS

OA SPL, dB* OA Acceleration, gyqs
Activity Event Ext. Int. Window Wall Floor
Tour Group 175 NA 73.3 012 .013 .068
Vacuum Cleaner 166 NA 96.3 .105 .025 .065
USASI Noise 167 NA 85.0 .025 .015 .018
USASI Noise 168 NA 91.0 .042 .016 .023
USASI Noise 169 NA 96.0 .084 .020 .036
USASI Noise 170 NA 102.0 143 .029 .064
Book Drop** 268 NA NA -—-- .18 3.8
Step From

Chair to Floor** 269 NA NA ---- <.04 1.0
Traffic 186 70.8 --- .013 .013 .013

*SPL values correspond to max vibration level and do not necessarily
represent max recorded SPL values.
**Peak acceleration level, g's.



TABLE VL- RESPONSE SIGNATURE PARAMLTERS

A. Concorde

Event Slope Y-Int. Coef. No. Pts.
266 .8s1 18.36 .978 19
19 1.31 -27.3 .965 0
142 .594 35.36 .384 19
176 .658 34.06 .607 25
20 .969 4.601 .862 22
Composite m $.454 915 115
8. 0C-8

207 .963 8.582 .806 38
214 .9:1 8.059 .68¢ 30
223 1.12 -4.18 .804 30
264 1.00 4.372 .831 kX)
231 .1 -4.18 .863 -39
282 1.03 .8813 .937 33
2¢1 1.00 3.676 a1 kY
1. 1.12 -5.07 .954 29
149 .851 17.48 .918 40
255 1.28 -18.4 915 30
Composite .982 6.63% .84 339
c. 707

195 -802 23.€2 .624 23
197 774 25.68 .766 27
201 .813 22.15 725 18
202 .889 15.33 7157 27
209 .910 12.64 707 27
219 .720 29.15 .703 28
228 .986 8.522 .616 13
226 .740 27.88 .79 K}l
229 Mm 15.05 .647 20
235 .963 9.353 .827 19
237 .939 11.21 .864 26
251 .817 21.46 a7 20
112 1.09 -5.3¢ .885 24
150 -89 14.32 .8¢2 15
190 .939 9.776 .929 22
254 .764 24.50 .950 22
Composite .778 24.78 .768 356
0. 122

205 a0 31.68 .666 19
21 .917 14.04 .638 17
<12 .596 40.58 710 27
236 1.0% -1.14 .865 17
241 .428 54.44 .695 21
260 .586 41.42 .823 1?7
261 .522 47.29 .B46 19
151 .796 23.66 .678 25
Composite .596 40.49 .685 162
£ 29

21 1.17 -7.90 .969 [
192 .726 27 1 .766 23
280 .732 2 .800 31
236 .878 1€ .¢3 .650 26
200 1.04 2.088 778 -
Composite .677 32.05 2
F. CIoL

Composite .821 21.00 954

CRIGINAL PAGH
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Figure 12.- North window vibration response for Concorde takeoff.
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Figure 13.- North window vibration response for DC-8 tikeoff.
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Figure 14.- North window vibration response for B-707 takeoff.
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North window vibration response for B-747 takeoff.
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Figure 16.- North window vibration response for B-727 takeoff.
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Figure 17.- North window vibration composite response for conventional
aircraft takeoffs.
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Figure 18.- North window vibration response ratio for Concorde and other aircraft

during takeoff.



